Introduction: Evaluation of the position of mental foramen aids in forensic, surgical, endodontic, as well as diagnostic procedures. Thus, in view of this, the present study was conducted among the population of Pune, a central part of India, to determine the most regular location of the mental foramen and to estimate difference in position of mental foramen based on gender.
INTRODUCTION
Forensic research on living people is of utmost importance for identification of age and gender in case of the deceased in mass fatalities. 1 The mandible is considered as one of the strongest bone in the human skeleton that can survive in a well-conserved state much longer than any other bone. Forensic dentists and anthropologists consider morphological characteristics of this bone as an important feature that can be used for the determination of sex. Among various anatomical landmarks in the human skull, the mental foramen is regarded as a stable landmark on the mandible. 2 The mental foramen is a funnel-like opening located on the surface of the anterolateral aspect of mandible. 3 The foramen is seen about halfway between the lower border of the mandible and crest of the alveolar process. Position of its image in relation to the tooth roots is influenced by projection angulation.
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Assessing accurate position of mental foramen also aids in surgical, endodontic, as well as diagnostic procedures, and its position is considered before implant surgery to avoid mental nerve injury. 3 The nerves and vessels transmitting through it provide sensory innervations and blood supply to important facial structures; these nerves are susceptible to injury during administration of local anesthesia and surgery. 5 Variation in the position of mental foramen is common, which can result in complications during surgical procedures. 6, 7 Literature available shows variation in common position, which ranged between three positions, i.e., between two premolars, along the long axis of second premolar, and between second premolar and first molar, and this can be attributed to differences due to ethnic and racial groups. In a country like India, with diversity in population, because of differences in racial and ethnical background, variations in the position of the mental foramen might result among various population groups. 8 Thus,
in view of this, the present study was conducted among the population of Pune, which is a part of Central India, to determine the most common position of the mental foramen and to estimate difference in position of mental foramen based on gender in a selected Central Indian population using 200 digital panoramic radiographs and to compare the results with those reported for other populations.
MATERIALS AND METHODS
The present retrospective study was commenced on 200 digital panoramic radiographs (100 males and 100 females) selected randomly from the departmental archives of Bharati Vidyapeeth Deemed University Dental College and Hospital, Pune, which fulfilled the inclusive criteria. Demographic details were evaluated and patients hailing from Pune were enrolled for the study. Ethical clearance was obtained from the ethical committee of the institute. Group A consisted of 100 digital orthopantomography (OPG) of male subjects, and group B consisted of 100 digital OPG of female subjects. Selected radiographs comprised of 200 completely dentate patients. Inclusive criteria consisted of patients within the age range of 15 to 59 years, radiographs with least artifacts in mental foramen region, and presence of mandibular teeth from left first molar to right first molar. Radiographs with any radiolucent or radiopaque lesions in mandibular arch, missing mandibular premolars, and mixed dentition were excluded from the study. These radiographs were analyzed by two specialist maxillofacial radiologists. The results were repeated with a random sample of 50 radiographs that were reexamined. The position of the image of the mental foramen was recorded as follows:
Classification of position of mental foramen in horizontal plane and in vertical plane was carried out according to Parnami et al and Al Jasser.
The location of mental foramen in horizontal plane was recorded as follows (Table 1 Male 200  2  2  3  8  30  32  53  44  10  12  2  2  200   Female 200 3  2  4  4  36  24  40  50  14  16  3  4  200   Total 400  5  4  7  12  66  56  93  94  24  28  5  6  400 p-value >0.05 (nonsignificant) Measurements for evaluating distance of superior and inferior borders of the foramen in relation to the lower border of the mandible were made using the reference lines drawn from anatomical landmarks using an indelible pencil. To the superior and inferior borders of the foramen, tangents were drawn, and from tangents to the lower border of the mandible, perpendiculars were drawn bilaterally and a Vernier caliper was used for the measurements. 9 The data so obtained were evaluated using Statistical Package for the Social Sciences (SPSS) version 16 . Mean values and percentage values were calculated. Statistical analysis was carried out using chi-square test, with p-value <0.05 considered as statistically significant.
RESULTS
Out of 200 panoramic radiographs, 100 were of male patients and 100 were of female patients. Total 400 mental foramen were studied, i.e., 200 males and 200 females accounting for the left and right mental foramen (100 of right side and 100 of left side) ( Tables 1 and 2 ). Of the 100 left mental foramen analyzed in male subjects, 53% of the foramen were located with second premolar, while 30% of the foramen were in horizontal plane between the first and the second premolar. Of the 100 right mental foramen analyzed in male subjects, 44% of the foramen were in line with the second premolar, while 32% of the foramen were situated in horizontal plane between the first and the second premolar (Tables 1 and 2 , Graph 1). Of the 100 left mental foramen analyzed in female subjects, 40% of the foramen were in line with second premolar, while 36% of the foramen were in a position between the first and the second premolar in the horizontal plane. Of the 100 right mental foramen analyzed in female subjects, 50% of the foramen were in line with second premolar, while 24% of the foramen were in a position between the first and the second premolar in horizontal plane (Table 2 , Graph 2). Male 200  5  2  6  2  37  30  46  54  6  12  200   Female 200  4  2  4  2  30  24  48  52  14  20  200   Total 400  9  4  10  4  67  54  94  106  20  32  400 Graph 2: Position of mental foramen in horizontal plane in female patients
Graph 1: Position of mental foramen in horizontal plane in male patients
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Of the 100 left mental foramen analyzed in male subjects, 46% of the foramen were in line with apex of second premolar, while 37% of the foramen were in a position between apex of the first and the second premolar in vertical plane. Of the 100 right mental foramen analyzed in male subjects, 54% of the foramen were at or in line with the apex of second premolar, while 30% of the foramen were in between the apex of first and the second premolar in vertical plane (Table 2 and Graph 3).
Of the 100 left mental foramen analyzed in female subjects, 48% of the foramen were at or in contour with the apices of second premolar, while 30% of the foramen were in between the apex of first and the second premolar in vertical plane. Of the 100 right mental foramen analyzed in female subjects, 52% of the foramen were at or in line with the apex of second premolar, while 24% of the foramen were in between the apex of first and the second premolar in vertical plane (Table 3 and Graph 4).
In males, distance in centimeters between superior border of the foramen and the lower border of the mandible (S-L) on right side was 17.21 ± 1.9, on left side was 17.18 ± 2.1, in females on right side was 15.85 ± 2.4, on left side was 15.72 ± 2.2. In males, distance in centimeters between inferior border of the foramen and the lower border of the mandible (S-L) on right side was 13.02 ± 2.2, on left side was 12.97 ± 2.1, in females on right side was 11.31 ± 2.5, on left side was 11.26 ± 2.3. The variation in length of superior border and inferior border of the foramen in relation to lower border of the mandible with respect to gender was found to be significant, with p-value <0.05.
DISCUSSION
Mental foramen is considered an imperative anatomical landmark, the position of which assists surgical, local anesthetic, and other invasive procedures for maxillofacial surgeries. Its location should be taken into account before any surgery in this region to avoid any injury to the neurovascular bundles passing through these foramina. Occasionally, mental foramen is misdiagnosed as a radiolucent lesion situated in the apical area of the mandibular premolar teeth. Therefore, knowledge of accurate anatomical position of mental foramen is of paramount importance in periodontal surgery or flap surgery, especially in mandibular premolars, surgical orthodontics, and retrograde amalgam fillings. 13 Variations in position of mental foramen are common, which can cause complications during surgical procedures. 22 The most popular method for identification of mental foramen was proposed by Fishel et al in 1976. 3 In the present study conducted among the population of Pune belonging to Central India, the most frequent location of mental foramen was in continuity with second premolar in both the left and right sides followed by the position of mental foramen between the first and second premolar. Various studies conducted in different states of India reported variation in results. Mental foramen below the apices of the second premolar as most frequent spot was reported by Patel et al 11 Factors affecting location include the muscle forces, diet or eating habits, size and shape of neurocranium, position of head, facial biotype, teeth size, environmental and socioeconomic factors; racial and ethnic characteristics along with genetic constitution could also change the mandibular morphology and masticatory function. 23 Frequent failures are well documented during mental nerve blocks, which shows its variability of location. 10 The position and orientation of the mental foramen is imperative to performing anesthetic block before the clinical procedures in mandibular anterior teeth and also to conserve the integrity of the mental nerve trunk in surgical interventions. The mental nerve injury can cause permanent or transitory sensitive, tactile, and thermal changes. 23 Panoramic radiographs were utilized in the present study to assess the mental foramen as it provides more wide and reliable field to view anatomy of the mandible as compared with periapical radiographs. Swamy et al 24 also
utilized a similar method to commence the study among 10 
Indians and Iranians
Mental foramen below the apex of the second premolar in 52.5% of Indians, 47.5% of Iranians; 45% of it was between the first and second premolars among Indians and 47.5% of Iranians Patel et al 11 Dried adult human skulls, Saurashtra region of Gujarat
The longitudinal axis of the second premolar for right side was 40.32% and left side 43.55% followed by the longitudinal axis which passed between the first and second premolars Babshet et al 8 Dharwad, Karnataka, India 43% in between first and second premolars and 39% in line with second premolar Gada and Nagda et al 12 Mumbai City (India)
Between the two premolars (63%), followed by position behind the second premolar (20.67%) Moogala et al 13 In dry dentate and edentulous mandibles in coastal Andhra population of Andhra Pradesh State
In between the first and second premolars (40-50%) Jamdade et al 14 Indian population (Jaipur, Rajasthan)
First and second premolars (46.1%) followed by in line with the longitudinal axis of the second premolar (45.5%) Udhaya et al 15 
South Indian Population
At the level of the root of the second premolar, midway between the inferior margin and the alveolar margin of the mandible Afkhami et al 16 Tehran, Iran 67% were below the second premolar, 24% were between the first and second premolars Singh and Srivastav In line with the longitudinal axis of the lower second premolar (52.94%) followed by a position between first and second premolar (26.47%) Olasoji et al 19 
Nigerian adults
The most common location was the interdental space between the first and second mandibular premolars followed by the position apical to the second premolars Ngeow and Yuzawati 20 Malay population
In line with the longitudinal axis of the second premolar (69.2%) followed by position between the first and second premolar (19.6%) Al Jasser and Nwoku 6 Saudi Arabia
In line with the longitudinal axis of the second premolar (45.3%) followed by in between the first and second premolars (42.7%). Shankland 21 
Asian Indians
Below the second premolar in 75.36% of cases population of Bengaluru, India. Limitation of the present study was the use of panoramic radiographs for locating mental foramen instead of commencing an anatomic study on skulls. However, Olasoji et al 19 studied mental foramen among northern Nigerian adults on skulls and panoramic radiographs randomly and did not find any significant difference between both methods for locating the mental foramen. It requires further studies for large sample size, which would consider position of mental foramen depending on gender and age. In spite of clinical importance of mental foramen, it also offers importance in forensic application because mandibular characteristics are extremely useful in gender determination. 25 Wical and Swoope, 26 Lindh et al, 27 and Guler et al 28 commenced studies and reported that even with resorption of the alveolar bone above the mental foramen, the space from the foramen to the inferior border of the mandible remains relatively constant throughout life. Thus, stability of this part is not affected by resorption of alveolar process above the foramen. Chandra et al 9 concluded that the length from lower border of the mandible to the mental foramen exhibits sexual dimorphism, and panoramic radiography is an efficient tool for assembly of planned dimensions and can be measured as an added radiographic method to establish gender from the skeletal remains. The present study also revealed that the variations in length of superior and inferior border of the foramen in relation to lower border of the mandible with respect to gender were found to be significant. Similarly, Thakur et al, 25 Mahima, 1 and Naroor et al 2 reported the possibility that the height of the mandible and the distance from the superior margin of the mental foramen to the alveolar crest can be used to determine gender. Probable values among various groups could be a good indicator for gender determination among various racial and ethnic groups. This method is of particular importance in mass disaster events when the jaws are available for identification in fragments.
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CONCLUSION
Most common position of mental foramen among Pune population in horizontal plane in both male and female patients was in line with second premolar followed by position in between first and second premolar, whereas in vertical plane most common position was at or in line with apex of second premolar followed by in between apex of first and second premolar. There was no difference in position of mental foramen in horizontal as well as in vertical plane based on gender. Literature review suggests variation in location among various racial and ethnic groups. Hence, understanding the importance of anatomical variations of the mental foramen as well as determining its location during the radiological examinations preoperatively is of clinical importance. Furthermore, there is stability of location of mental foramen as it is not affected by resorption of alveolar process above the foramen, and significant difference in length of superior and inferior border of the foramen in relation to lower border of the mandible with respect to gender offers its application in forensic identification of gender.
